OBJECTIVES: Although major pulmonary resections for early-stage non-small cell lung cancer (NSCLC) are more and more frequently performed through thoracoscopy, the adequacy of lymphadenectomy achieved via this approach is still questioned. The aim of this study was to evaluate the results of lymph node dissection (LND) during totally thoracoscopic (TT) major pulmonary resections.
INTRODUCTION
More and more, patients are operated on for Stage I non-small cell lung carcinoma (NSCLC) via a video-assisted thoracoscopic surgery (VATS) or a thoracoscopic approach [1] , and VATS resections are now accepted as a valid alternative for early-stage lung carcinomas [2] . However, despite the good results and satisfactory long-term survival [3] , the feasibility and completeness of a true radical lymph node dissection (LND) by VATS remains controversial, many surgeons raising concerns about the adequacy of LND compared with open surgery. This reservation could be even more valid for totally thoracoscopic (TT) techniques, for which the quality of radical lymphadenectomy is debated. Hence, some authors have even written that 'the so-called complete VATS results in more or less sacrificing the completeness of oncologic radicality' [4] .
By TT, we mean: use of 100% video display, no access incision and only use of trocars and endoscopic instruments, as defined by Shigemura et al. [5] . Some technical aspects of this technique have already been described [6] .
The aim of this study was to evaluate and compare the quality and safety of LND by a TT vs a conventional open approach.
In our department, the standard of care for operable clinical stages I-II NSCLC is resection: lobectomy (or anatomical segmentectomy in patients with limited pulmonary function) with additional 'systematic nodal dissection' according to the ESTS guidelines for intra-operative lymph node (LN) staging in NSCLC [7] .
In 2007, one of the three surgeons in our department started using a TT approach for performing resection of clinical T1N0M0 and selected T2N0M0 NSCLC. There was no contraindication to TT except previous homolateral thoracotomy and largest axis of the tumor above 50 mm.
PATIENTS AND METHODS
To assess whether the TT technique allowed similar quality of nodal dissection as that obtained through a classical posterolateral thoracotomy (PLT), we reviewed the clinical and pathological data of all patients who underwent resection for clinical stages I or II NSCLC in our department over a 3-year period. From 1 January 2007 to 31 December 2009, 296 patients with clinical stages I-II NSCLC underwent a major pulmonary resection (lobectomy or anatomic segmentectomy) with additional systematic LND, via a TT approach for 96 patients and through PLT for 200 patients All patients had the same pre-operative workup that consisted of bronchoscopy, computed tomographic scanning of the thorax and the abdomen, magnetic resonance imaging of the brain and positron emission tomography (PET). Mediastinoscopy was performed only in case of positive mediastinal or hilar LN on PET. Negative PET or negative mediastinoscopy were considered sufficient to rule out clinical N2 disease (Stage IIIA).
The following data were compared: demographic characteristics, type of pulmonary resection, clinical and pathological data, agreement between pre-operative and pathological staging, numbers of collected nodes and of dissected LN stations, duration of chest drainage, post-operative stay and post-operative complications.
Staging was done according to the guidelines published in the 7th edition of the TNM classification of malignant tumours, accepted by the International Union against Cancer and American Joint Committee on Cancer for lung cancer. For those of the patients operated on in 2007 and 2008, their staging was recalculated to match the new classification [8] .
The study was approved by the Institutional Review Board of our hospital (number: CEPAR-2010-001).
Surgical technique of totally thoracoscopic lymph node dissection
Our technique of totally endoscopic lobectomy has already been described. Only endoscopic instruments were used. These were inserted through 3-4 trocars, according to the necessity of dissection or exposure. Lymphadenectomy was performed with a bipolar vessel-sealing device (VSD), since both allow coagulation and division with a single tool. Lung retraction is required for hilar or mediastinal exposure. It was achieved either with an endoscopic grasping forceps or more frequently with small lung retractors that can be released inside the chest cavity, as recently reported [9] . Dissection of Stations 10, 11 and 12 was systematically done, except for those that were retrieved en bloc with the specimen. If there was any doubt about malignancy and if this could lead to changing the type of resection-for instance switching from a sublobar to a lobar resection-the intersegmental nodes were collected for frozen section. Discovery of suspicious-looking LNs was not a reason for conversion to thoracotomy if these LNs could be easily dissected and removed without compromising safety.
On the right side, the lymphadenectomy was usually performed once the lobectomy or segmentectomy was completed. Dissection of the superior mediastinal node Stations (2R and 4R) was done without transection of the azygos arch in most cases. However, the later was frequently taped and lifted up to facilitate exposure of 4R nodes. Once the mediastinal pleura had been opened, the dissection was carried out up to the lowest visible part of the subclavian artery. All fatty tissue and small vessels were transected after application of a VSD. Clips were not used. The dissection of the subcarinal area (Station 7) was performed in the same manner after the lung was retracted anteriorly. There was no need to tape the right main stem bronchus as suggested by other authors [10] . The bronchial artery was controlled by bipolar cautery or VSD. The paraoesophageal nodes (Station 8) and nodes of the pulmonary ligament (Station 9) were systematically collected, even after a middle or upper lobectomy.
On the left side, we usually preferred performing the LND prior to the pulmonary resection because of the fear of tearing a vascular or bronchial stump during the dissection. In addition, in case of a lower lobectomy, the vision on the subcarinal region can be partly obscured by the stump of the left inferior pulmonary vein. Dissection of Stations 5 and 6 facilitates the exposure of the pulmonary artery. Para-aortic and subaortic stations (Stations 6 and 5, respectively) were cleared. Tracheobronchial nodes (Station 4L) were not systematically dissected. The dissection of the subcarinal station (Station 7) was sometimes tedious, as it also can be via open surgery. The oesophagus was retracted backwards with a blunt tip forceps or an endopeanut and the lung was retracted forwards to expose the left main bronchi. Care was taken not to tear a bronchial artery. Dissection of Stations 8 and 9 was done in the same way as on the right side.
Statistical analysis
The distribution of the variables was evaluated using the Kolmogorov-Smirnov test. For variables following a non-normal distribution, results were expressed as medians and interquartile ranges and compared by the Mann-Whitney U-test. For variables following a normal distribution, results were expressed as means and standard deviations and compared by the Student's t-test. Between-group comparisons were performed using the χ² test for qualitative variables or Fisher's exact test when needed, and linear trend for ordinal variables. To state the agreement between clinical and pathological stages for thoracoscopy and thoracotomy, the kappa index was calculated. Statistical significance was established at P < 0.05 in all the analyses. The data were analysed using the SPSS 18.0 Statistical Software Package (SPSS; Chicago, IL, USA).
RESULTS
During the study period, lobectomy or segmentectomy with systematic LND for clinical Stages I or II NSCLC was performed through a TT approach in 96 patients and through PLT in 200 patients. The patients' main characteristics are summarized in Tables 1 and 2 . The two groups were similar with respect to age, gender and comorbidities. The only significant differences were found with regard to smoking status and the presence of a cardiopathy.
The distribution of the type of resection performed and pathological data was not statistically different in both groups (Table 2 ). Five patients in the TT group (5.4%) and 18 patients in the PLT group (9%) were finally upstaged p-IIIA on the basis of positive mediastinal nodes. The difference was not statistically significant (P > 0.05; Table 3 ).
The number of dissected LN stations and the overall-i.e mediastinal and lobar-number of collected LNs were slightly lower in the TT group, although the two groups did not differ with regard to the number of mediastinal nodes dissected (TT group: 17.7 ± 8.2, PLT group 18.2 ± 9.3, P < 0.937). Right-and left-sided LN dissections were analysed separately. There was no difference when comparing left-and right-sided LNs (Table 4) .
The number of resected mediastinal LNs was similar in both groups. The distribution of dissected LNs in each nodal station is shown in Figs 1 and 2 . However, the number of left hilar and interlobar nodes (N1) was greater in the PLT group than in the TT group (P: 0.006).
The post-operative complications are mainly related to the consequences of pulmonary resection. Therefore, we only focused on the complications conceivably related to the mediastinal dissection, i.e. chylothorax and recurrent nerve palsy (RNP). No significant difference was found between the two groups, neither for chylothorax nor for RNP. The post-operative hospital stay and duration of chest drainage were significantly shorter in the TT group (Table 5) .
DISCUSSION
Video-assisted lobectomies are gaining acceptance, especially for early-stage lung carcinomas. Numerous studies have outlined their benefits-i.e. decreased post-operative pain, shortened length of stay and enhanced compliance to adjuvant chemotherapy-compared with thoracotomy. However, despite promising survival rates, one of the main criticisms of VATS resections is the concern for a less systematic LN assessment. Some studies have demonstrated no difference in the number of LNs and LN stations dissected during VATS or thoracotomy [11] [12] [13] , while others have found the LN dissection to be less satisfactory during VATS [4] . In the CALBG study group series of VATS lobectomies, 15% of the patients had no LN resected and >50% of the patients had less than two sampled stations [14] . As the number of resected mediastinal LNs is one of the quality criteria for a 'complete' resection, it was thus of major importance to study the quality of the LN dissection performed during our technique of TT major pulmonary resection. Overall, we consider that the results of TT LND are encouraging in terms of number of stations and number of resected mediastinal LNs when compared with the results obtained through PLT.
Regarding the mean number of resected mediastinal nodes, the difference between the two techniques is not significant (Table 4) , and regarding the difference in the mean number of dissected mediastinal stations (3.2 vs 3.4), even if the difference is slightly statistically significant (Table 4) , it is unlikely to be clinically relevant. In other words, we are confident that the quality of LND performed through the TT approach in this study is satisfactory and fulfils the criteria for complete resection [15] .
Few studies have dealt with systematic LN dissection during VATS. In the American College of Surgeons Oncology Group (ACOSOG) Z0030 trial [16] , there was no statistical difference in the number of sampled LN stations and in the overall number of retrieved LN (median = 15 and 19 in the VATS and open groups, respectively). Sagawa et al. have made a prospective-but nonrandomized-trial comparing LND during VATS and thoracotomy [17] . In this study, patients with clinical Stage I lung cancer were operated on by VATS with a 7 cm utility incision and a standard thoracotomy was then performed by another surgeon to 
Technical aspects
Most surgeons who are not familiar with full thoracoscopic major pulmonary resections consider that LND can only be inferior to that done by thoracotomy. For those of the surgeons performing a video-assisted technique with an access incision, one of the main reasons for favouring this approach-rather than a closed technique-is the feeling that direct visualization through the incision and/or use of conventional thoracic instruments facilitate dissection, and thus the result in a more complete LN clearance [4] . However, even when performed via open surgery, some LN stations are difficult to reach, especially on the left side. As mentioned by Denliger et al. [11] the anterior approach used for most VATS resections may preclude easy access to some nodal stations, especially Station 7. In their series, the number of LN from the Station 7 was significantly lower in the VATS group than in the thoracotomy group. This difference was not observed in our series. We have found TT to be very suitable for LN dissection, for several reasons: (i) the deflectable scope we use [6] allows different angles of vision on the LN stations and offers a perfect view even on areas which are more or less hidden by other structures such as the oesophagus (Station 7 approached from the left side), or the bronchi (Station 7 on both sides); (ii) the endoscopic instruments such as bipolar sealing devices are efficient and allow both dissection, coagulation and section without interchange of instruments, thus saving time and gaining efficacy [17] [18] [19] . However, the ultrasonic shears we were previously using has some drawbacks related to the cavitation effect [20] . Using a VSD, dissection and sealing of small vessels running into the fatty tissues surrounding LN results in an effective en bloc lymphadenectomy [21] . Exposure of LN stations is a real concern during thoracoscopic procedures, because the surgeons cannot rely on manual retraction of the parenchyma. Even during VATS, this concern has been stressed [21] . LNs that are located in a deep groove between the superior vena cava and the trachea, or between the two main bronchi and the oesophagus require efficient retraction of organs and the creation sufficient working space. For the VATS procedures, Sato et al. [21] have designed a dedicated spatula-shape retractor that can be inserted through a mini- thoracotomy. Although most likely effective for some steps of the dissection, this type of devices presupposes that the access incision is facing the target LN station. It is, however; impossible for the utility incision to be adequately placed for all LN stations to be dissected. For thoracoscopic procedures, adequate exposure can be achieved by the use of tiny (3 mm) instruments that retract the adjacent organs [22] ; in order not to multiply ports, we have developed throw-off mini-retractors that retract the lung efficiently [9] . Another limitation of thoracoscopic LND could be related to the instruments used for grasping the LN. Indeed, using small diameter grasping forceps-even with an atraumatic tip-and grasping with more force and traction may result in cutting and crushing the LNs with two consequences: an overestimated number of collected LNs by TT compared with PLT and dissemination of cancer cells [10] . In our series, the overall number of collected LNs did not differ in both groups. Watanabe et al. [10] have shown there was no difference in the number of cut LNs between VATS and open surgery. With respect to dissemination of neoplastic cells from metastatic LNs, most series, as ours, limit VATS and thoracoscopy to clinical stage I tumours. Anyway, as demonstrated by another study from Watanabe et al., even for clinical N0 patients who are finally upstaged to pathological N2, the number of recurrences and the 3-and 5-year recurrence free survivals are similar in both groups [23] . The authors concluded that it is not necessary to convert a VATS approach to an open approach when pN2 LNs are discovered during thoracoscopic dissection.
Limitations of this study
This study is based on a comparison of patients who underwent lobectomy or segmentectomy with additional LN dissection for clinical N0 NSCLCs using two different surgical techniques, but the patients were not randomly assigned to either group (TT or PLT). Furthermore, although both groups were comparable, not all the operators were performing the TT technique, thus resulting in other potential bias. For example, the surgeon involved in the TT may have produced particular effort to achieve a satisfactory LN clearance. Therefore, the results of this study only apply to the particular technique used by this surgeon and, theoretically, similar studies should be performed by surgeons and institutions switching to such a new technique to ensure that the technical change does not result in compromised quality of care. However, even prospective trials encompassing large cohorts of patients, such as the ACOSOG Z0030 trial, do have some bias. In this trial, most of the VATS procedures were performed by only one surgeon. Overcoming these biases means that a randomized clinical trial should be undertaken and by enrolling a large number of surgeons performing the two techniques. Such a trial has-to our knowledge-never been done and seems at the moment unrealistic both from a practical and ethical standpoint. The results of our study allow, however, to stress the potential of thoracoscopic LN dissection.
In conclusion, although our study shows that the overall number of collected LNs was slightly higher than after thoracotomy, the number of collected mediastinal LN and sampled mediastinal LNs stations was similar after thoracoscopy and thoracotomy. As recently demonstrated by D'Amico et al. [24] , the LND when performed via thoracoscopy is safe and adequate from an oncological standpoint, and should not be considered as a limitation of the TT approach.
APPENDIX. CONFERENCE DISCUSSION
Dr P. Rajesh (Birmingham, United Kingdom): I am actually discussing this on behalf of Professor Mulligan, who unfortunately had to leave for the United States yesterday. He informs me that he has been through the literature and found that this is the largest series that has looked comparatively at both total thoracoscopic lymph node dissection and open thoracotomy.
The questions that he wanted me to raise today go from the sublime to the ridiculous. The first question is, do you have any tricks or tips for people who are performing thoracoscopic lobectomy, a systematic approach to lymph node dissection? The second question is, do you really need to do all these lymph node dissections? Dr Gossot: Yes, I think you need tricks, and that's why I showed some technical aspects. I don't believe that you can achieve complete lymph node dissection without using those kinds of tricks. If you are using only a small access incision and one or two ports, it's very difficult to expose some stations, like, for instance, station 7 on the left side. So you must have tricks. You have two types of tricks: either you use 4, 5, or 6 ports (and I think this is in contradiction to the principles of minimally invasive surgery), or you keep the same number of ports but you use some dedicated instrumentation to help exposure, and I have shown these instruments. So I think, yes, you must have some tricks. But many visitors who come to our operating room, they say they came expecting to see that you cannot achieve a radical lymph node dissection, and when they leave the hospital, they say yes, you can.
Regarding the second question, I'm not sure you have to perform such a radical lymph node dissection. There are many papers this year, and maybe the most interesting one is the one from Japan, and I'm sorry, I don't remember the author, who showed that maybe the most important factor is the number of lymph nodes and not the type of mediastinal lymph node station that you are dissecting. So I think we are at a point where we don't know exactly if this is important, which kind of dissection we have to perform, but our goal was just to prove that by using this technique, we can do the same as through open surgery. Whether we should do it, I don't know.
Dr L. Spaggiari (Milan, Italy): I have only one question for you. How many operations were needed to achieve such results? In other words, what about the learning curve for a surgeon who wants to attain these results?
Dr Gossot: We have looked at the operative time in our series and it's around 200 minutes.
Dr. Spaggiari: But to reach the experience, to have the possibility to do a VATS lobectomy with radical lymph node dissection, how many operations do you believe are needed for a surgeon?
Dr Gossot: I would say between 50 and 100. I think you have to start with a right-sided dissection, which is easier than the left side, and gain your experience by operating on low BMI patients. High BMIs are sometimes more difficult. You have to go step by step.
Dr M. Dusmet (London, United Kingdom): If I may, I have a comment and then a question.
In terms of whether we should do lymph node dissection, I think the chairman of the session answered that question when he discussed the previous paper. I think it's important that we all remember that there are principles of surgery and then there are the ways you use to achieve those principles, but you must not cheat on the principles so that you can use a technique or a technology. That's the comment.
The question I have is, I noticed that your patients had extraordinarily good lung function, at least compared to my patient population, with a mean FEV1 of 86% and 90% in the two groups, and I noticed that one of the retractors that you have developed is actually a grasping forceps that grasps the lung and pulls it, and I'm just a little bit concerned about using an instrument like that on the emphysematous lungs that I often see, and I would be very concerned about tearing the upper lobe with that forceps.
Dr Gossot: I don't remember whether we had any problems. I did not comment on the duration of drainage and length of stay, but we have a significantly lower duration of drainage and length of stay in patients operated by this technique, so I don't think it's a major problem. Even via open surgery, you are obliged to retract the lung with forceps. I don't think it's a major problem.
Dr T. Folliquet (Paris, France): I have one question. In the era of costeffectiveness, are these operations more costly than open thoracotomy? If yes, do you gain the increased cost by, for example, reduced length of stay or things like that? Have you calculated that? Dr Gossot: We performed that study and the paper is in press, and it shows that these operations are much more costly than an open approach if you take into account only the duration of the time in the operating room and the equipment you use, but in the end, it's much cheaper, taking into account that the patient has a shorter hospital stay, there is almost no stay in the ICU, and imaging and laboratory expenses are less, for instance.
